combined cinematographic and electron microscopic observations suggested that the thinner filaments may be contractile elements involved in the movement of the cultured cells.
Extending from the work of MARUYAMA (1963) , human endothelial cells, have been purely isolated and cultured (LEWIS et al., 1973; JAFFE et al., 1973; GIMBRONE et al., 1974; HAUDENSCHILD et al., 1975 HAUDENSCHILD et al., , 1976 . The identification of these cultured cells as endothelial cells has been established both morphologically and immunologically (JAFFE et al., 1973) .
Isolated endothelial cells in cultured conditions rapidly increase in number, and autoradiographic studies of cultured cells with 3H-thymidine have shown an increase in DNA synthesis during the cell growth (GIMBRONE et al., 1974; HAUDENSHILD et al., 1976) . However, morphological data have not confirmed yet that such a rapid cell growth of cultured human endothelial cells occurs by mitotic proliferation, although HAUDENSCHILD and co-workers (1975) suggest it. On the other hand, occurrence of binucleate cells was noted in the endothelium of normal human arteries (COTTON and WARTMAN, 1961) and in cultured endothelial cells (MARUYAMA, 1963) . The purpose of this study is to ascertain whether there is some relation between the proliferation of endothelial cells and the presence of binucleate cells in cultured conditions, and to examine the more detailed fine structures of cultured human endothelial cells through their life cycle.
MATERIALS AND METHODS
After isolation of human umbilical cords, the umbilical veins were rinsed with Hanks balanced salt solution in order to wash out clots of blood, infused with the same soluflushed out with the solution. The effluent was collected in sterile conical centrifuge tubes and the endothelial cells were isolated by centrifugation at 1,000rpm for 5min. The cells were cultured with Eagle's minimal essential media supplemented with 10% fetal calf serum and 1% L-glutamine solution in plastic Petri dishes (Falcon).
were replaced every 3 days with completely fresh ones. All cultured cells were examined under the phase contrast microscope. The proliferation and other behavior of the cultured endothelial cells were analyzed by the use of the time-lapse microcinematoscope.
For transmission electron microscope (TEM) observation, the cultured cells were fixed in a Petri dish with 2.5% glutaraldehyde in 0.1M cacodylate buffer (pH 7.4) for 1hr, post-fixed with 2% OsO4 in the same buffer for 1hr, dehydrated in ethanol, and embedded in epoxy resins.
The embedded cultured cells were frozen by liquid nitrogen and separated from the Petri dish. The ultra-thin sections were made by a Porter-Blum ultramicrotome, stained with uranyl acetate and lead hydroxide, and observed with the Hitachi HU-12AS or the H-500 type TEM.
For the scanning electron microscope (SEM) observation, the cultured cells were fixed and dehydrated in a Petri dish by the same methods as for TEM, critical point dried, coated with gold by evaporation, and observed with the Hitachi HFS-2 type field emission SEM.
RESULTS
Isolated endothelial cells from human umbilical veins show a rather round or oval shape at the beginning. Within 2-4hrs, the cells become attached to the substratum and spread as a monolayer cell cluster on the dish.
Between 2 and 3 days after the culture, the endothelial cells were remarkably increased in number and formed several cell clusters (Fig. 1) . Active movement of the cells could be seen at the periphery of each cluster.
However, their mitotic division could not be observed either with the phase contrast microscope nor with the time-lapse microcinematoscope.
Abundant binucleate cultured cells appeared in the peripheral regions of each cluster (Fig. 2a, b) . The two nuclei of such cells were almost equal in size and shape and were often located close to each other. Figure 2b is a phase contrast micrograph which suggests that a binucleate cell is dividing into two daughter cells by amitotic division.
By TEM, such cultured cells are easily identified with endothelial cells by the presence of specific endothelial granules (Weibel-Palade granules), since these granules do not appear in cultured fibroblasts and smooth muscle cells (JAFFE et al., 1973;  10 11 GIMBRONE et al., 1974; HAUDENSCHILD et al., 1975) . The granules increase in number after 3 days (Fig. 3) and are the most abundant between 5 and 7 days. During this diameters) in their cytoplasm (Fig. 3, 6 ). The thinner filaments always make bundles and run in the peripheral regions of the cytoplasm.
They are connected to the cell membrane at one end and are associated with so-called dense bodies similar to those in smooth muscle cells (Fig. 6) . The junctions between adjacent cultured cells are not yet developed within 3 days.
Figures 4 and 5 show SEM images of cultured endothelial cells in a 3 day culture. Although most of the cell surface is relatively smooth, many blebs are often seen on the periphery (Fig. 4) . They are very flat and irregular in outline with many cytoplasmic extensions by which the adjacent cells are connected to each other (Fig. 5) .
Between 5 and 7 days in culture, most cells become polygonal in shape and grow as a confluent monolayer on the whole substratum (Fig. 7) . In this stage, the movement of cultured cells was not observed.
This may be caused by a contact inhibition as suggested by ABERCROMBIE (1967) . The binucleate cells were still often seen in this stage. TEM observation revealed, well-developed rough endoplasmic reticulum, free ribosomes, abundant filaments of two, vacuoles types and lipid droplets; Weibel-Palade granules were increased in number as compared with the cells in earlier stages (Fig. 8, 9 ). Attachments between adjacent endothelial cells have been developed and increased their density, and the thicker filaments running parallel along the long axis of endothelial cells are increased in number (Fig. 8) .
Between 10 and 14 days in culture, the majority of endothelial cells are elongated into a spindle form like fibroblasts (Fig. 10) . The Weibel-Palade granules have decreased in number and remarkably elongated (Fig. 11) .
DISCUSSION
Mitotic figures of endothelial cells are rarely encountered in normal blood vessels except for growing vessels in granulation tissues.
On the other hand, the mitotic divisions have been reported in cultured endothelial cells from adult guinea pig arteries and veins (BLOSE and CHACKO, 1975, 1976; SLATER and SLOAN, 1975) . In the present observations, however, the mitotic figures of cultured endothelial cells could not be found in such a rapid proliferation stage as JAFFE and co-workers (1973) characterized as a logarithmic phase of cutured cell growth.
On the contrary, binucleate cells were frequently observed in the peripheral regions of each cell cluster where the cultured cells were actively increasing their number. COTTON and WARTMAN (1961) found occasional binucleate cells in normal human endothelium by the Hautchen technique.
In human cultured endothelial cells, GIMBRONE and coworkers (1974) showed that labeling indices of 3H-thymidine were 2.4% in closely packed central regions of each cluster and 53.2% in the peripheral growing regions. This result is compatible with the idea that a rapid DNA synthesis occurs in the binucleate cells. Although mitotic divisions in bi-and trinucleate cells have been demonstrated in mammalian cells of different types (SISKEN and KINOSHITA, 1961; OFTEBRO and WOLF, 1967) , similar events did not seem to occur in the present specimens.
It is thus concluded that cell proliferation in our human cultured endothelial cells occurs by amitotic division, although possible mitotic division in a few cells can not completely be ruled out.
Recently, it has been reported that tumor cells and their extracts have a capacity to induce the formation of new blood vessels. Thus, production by tumor cells of a tumor angiogenesis factor or an endothelial proliferation factor and their effects causing endothelial proliferation by mitosis in vivo and in vitro have been proposed (FOLKMAN et al., 1971; CAVALLO et al., 1972; SUDDITH et al., 1975) . Without administration of such factors, mitotic figures of cultured human endothelial cells have not been demonstrated in any previous experiments (FOLKMAN et al., 1971; CAVALLO et al., 1972; SUDDITH et al., 1975), but in the case of cultures, it may be possible that amitotic divisions are changed into mitotic divisions by the effect of these factors. More detailed observations on cell divisions of cultured human endothelial cells are now in progress with the time-lapse microcinematoscope in our laboratory. The continual changes of surface structure of the moving cells were observed by microcinematography.
In these observations, contraction of such cells induces abundant blebs as also revealed in SEM images (Fig. 4) . These blebs can only be seen in actively moving cells through the cell cycle Within the cytoplasm of such cells, dense bodies similar to those found by DEBRUYN and CHO (1974) in endothelial cells of the splenic sinusoids, are associated with thinner filament bundles. Previous investigators demonstrated two types of filaments in the endothelial cells (PHELPS and LUFT, 1969; YOHRO and BURNSTOCK, 1973; BECKER and NACHMAN, 1973; HAUDEN-SCHILD et al., 1975) and considered the thinner ones to be contractile elements while the thicker ones, supporting elements. BECKER and MURPHY (1969) demonstrated the presence of actomyosin in the endothelial cell of the liver by means of immunofluorescence procedures. The present electron micrographs revealed that actively moving cells constantly develop bundles of thinner filaments in their cytoplasm.
The connection between the one end of the filaments and the plasma membrane is apparent.
It seems likely that the thinner filaments in the cultured cells are responsible for cell locomotion.
